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―antifreeze  glycoprotein (AFGP) ―にあることが示さ
れた。その後、他の不凍蛋白質（antifreeze  protein;
AFP）の存在も知られて来ている。














































































































（ice  nucleation  protein; INP）によるものであることが
明らかにされた。これまで、Pseudomonas  syringae, P.
fluorescences, Erwina  ananas, E. herbicola, E.


































































































4）Franks  F : Biophysics  and  biochemistry  at  low
temperatures. New  York, Cambridge  Univ. Press,
1985
5）Feeney  RE, Yeh  Y : Antifreeze  proteins  from
fish  bloods. Adv. Protein  Chem. 32 : 191-282, 1978
6）Hew  CL, Yang  DSC : Protein  interaction  with
ice. Eur. J. Biochem. 203 : 33-42, 1992
7）Wolber  P, Warren  G : Bacterial  ice-nucleation






11）Chen  L, DeVries  AL, Cheng  C-H : Evolution  of
antifreeze  glycoprotein  gene  from  a
trypsinogen  gene  in  Antarctic  notothenioid
fish. Proc. Natl. Acad. Sci. USA  94 : 3811-3816,
1997
12）Hsiao  KC, Cheng  C-H, Fernandes  IE  et  al : An
antifreeze  glycopeptide  gene  from  the  antarctic
cod  Notothenia. Proc. Natl. Acad. Sci. USA  87 :
9265-9269, 1990
13）Filira  F, Biondi  L, Scolaro  B  et  al : Solid  phase
synthesis  and  conformation  of  sequential
glycosylated  polytripeptide  sequences  related  to
antifreeze  glycoproteins. Int. J. Biol. Macromol. 12
: 41-49, 1990
14）Drewes  JA, Rowlen  KL : Evidence  for  a  γ-
turn  motif  in  antifreeze  glycopeptides. Biophys.
J. 65 : 985-991, 1993
15）Yang  DSC, Sax  M, Chakrabartty  A  et  al :
Crystal  structure  of  an  antifreeze  polypeptide
and  its  mechanistic  implications. Nature  333 :
232-237, 1988
16）Sicheri  F, Yang  DSC : Ice-binding  structure  and
mechanism  of  an  antifreeze  protein  from
winter  flounder. Nature  375 : 427-431, 1995
17）Grownwald  W, Chao  H, Reddy  DV  et  al : NMR
characterization  of  side  chain  flexibility  and
backbone  structure  in  the  type  I  antifreeze
protein  at  near  freezing  temperatures.
Biochemistry  35 : 16698-16704, 1996
18）Knight  CA, Cheng  CC, DeVries  AL  et  al :
Adsorption  of  α-helical  antifreeze  peptides  on
specific  ice  crystal  surface  planes. Biophys. J. 59
: 409-418, 1991
19）Chou  K-C : Energy-optimized  structure  of
antifreeze  protein  and  its  binding  mechanism.
J. Mol. Biol. 223 : 509-517, 1992
20）Sonnichsen  FD, Sykes  BD, Chao  H : The
nonhelical  structure  of  antifreeze  protein  type
III. Science  259 : 1154-1157, 1993
21）Sonnichsen  FD, DeLuca  CI, Davies  PL  et  al :
Refined  solution  structure  of  type  III
antifreeze  protein: hydrophobic  groups  may  be
involved  in  the  energetics  of  the  protein-ice
─ 6 ─
札幌医科大学保健医療学部紀要　第２号　1999
interaction. Structure  4 : 1325-1337, 1996
22）Jia  Z, DeLuca  CI, Chao  H  et  al : Structural
basis  for  the  binding  of  a  globular  antifreeze
protein  to  ice. Nature  384 : 285-288, 1996
23）DeLuca  CI, Davies  PL, Ye  Q  et  al : The  effects
of  steric  mutations  on  the  structure  of  type
III  antifreeze  protein  and  its  interaction  with
ice. J. Mol. Biol. 275 : 515-525, 1998
24）Chao  H, Sonnichsen  FD, DeLuca  CI : Structure-
function  relationship  in  the  globular  type  III
antifreeze  protein: Identification  of  a  cluster  of
surface  residues  for  binding  to  ice. Protein  Sci.
3 : 1760-1769, 1994
25）Warren  G, Gorotto  L, Wolber  P : Conserved
repeats  in  diverged  ice  nucleation  structural
genes  from  two  species  of  Pseudomonas.
Nucleic  Acids  Res. 14 : 8047-8060, 1986
26）Michigami  Y, Watabe  S, Abe  K  et  al : Cloning
and  sequencing  of  an  ice  nucleation  active
gene  of  Erwinia  uredovora. Biosci. Biotechnol.
Biochem. 58 : 762-764, 1994
27）Warren  G, Corotto  L : The  consensus  sequence
of  ice  nucleation  proteins  from  Erwinia
herbicola, Pseudomonas  fluorescens  and
Pseudomonas  syringae. Gene  85 : 239-242, 1989
28）Abe  K, Watabe  S, Emori  Y  et  al : An  ice
nucleation  active  gene  of  Erwinia  ananas.
Sequence  similarity  to  those  of  Pseudomonas
species  and  regions  required  for  ice  nucleation
activity. FEBS  Lett. 258 : 297-300, 1989
29）Zhao  J, Orser  CS : Conserved  repetition  in  the
ice  nucleation  gene  inaX  from  Xanthomonas
campestris  pv. Translucens. Mol. Gen. Genet. 223 :
163-166, 1990
30）Mizuno  H : Prediction  of  the  conformation  of
ice  nucleation  by  conformational  energy
calculations. Proteins  5 : 47-65, 1989
31）Kajava  AV, Lindow  SE : A  model  of  the  three-
dimensional  structure  of  ice  nucleation
proteins. J. Mol. Biol. 232 : 709-717, 1993
32）Tsuda  S, Ito  A, Matsushima  N : A  hairpin-loop
conformation  in  tandem  repeat  sequence  of
the  ice  nucleation  protein  revealed  by  NMR
spectroscopy. FEBS  Lett. 409 : 227-231, 1997
33）Tanaka  T, Miwa  N, Kawamura  S  et  al :
Molecular  modeling  of  single  polypeptide  chain
of  calcium-binding  protein  p26olf  from  dimeric
S100B (ββ) . Protein  Eng. in  press.
34）MaDonald  SM, Brady  JW, Clancy  P : Molecular
dynamics  simulations  of  a  winter  flounder
antifreeze  polypeptide  in  aqueous  solution.
Biopolymers  33 : 1481-1503, 1993
35）Jorgensen  H, Mori  M, kanaoka  M  et  al :
Molecular  dynamics  simulation  of  winter
flounder  antifreeze  protein  variants  in  solution:
correlation  between  side  chain  spacing  and  ice
lattice. Protein  Eng. 6 : 19-27, 1993
36）Cheng  A, Merz  KM : Ice-binding  mechanism  of
winter  flounder  antifreeze  proteins. Biophys. J.




38）Deng  G, Andrews  DW, Laursen  RA : Amino
acid  sequence  of  a  new  type  of  antifreeze
protein, from the longhorn sculpin  Myoxocephalus
octodecimspinosis. FEBS  Lett. 402 : 17-20, 1997
─ 7 ─
札幌医科大学保健医療学部紀要　第２号　1999
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Abstract
To  survive  the  freezing  temperatures  of  the  ice-laden  polar  and  north  temperate  oceans,
many  fish  inhabiting  these  waters  synthesize  biological  antifreezes (AFs) , which  lower  the
freezing  point  of  their  body  fluids  below  that  of  the  ambient  seawater.  These  antifreezes,
either  protein (AFP) or  glycoprotein (AFGP) , are  synthesized  by  the  liver  and  secreted  into
the  blood  from  which  they  become  distributed  to  almost  the  entire  extracellular  space.
Many  strains  of  the  bacterial  species, on  the  other  hand, can  catalyze  the  nucleation  of  ice
at  temperatures  as  high  as  -2℃.  The  ice-nucleating  activity  could  prevent  a  fatal  wound  on
the  bacteria, which  incites  frost  damage  in  many  agricultural  crops.  Particular  proteins (ice
nucleation  proteins;  INPs) are  essential  for  the  ice-nucleating  activity.  Two  types  of  proteins
(AFP  or  AFGP  and  INP) function  through  interaction  with  ice.  However, the  molecular
mechanism  of  the  function  remains  unknown.  This  article  reviews  our  present  knowledge
on  the  structure  and  mode  of  action  of  these  proteins  capable  of  ice  interaction, including
our  recent  study.  Interestingly, AFGP, type  I  AFP  and  INP  contain  tandem  repeats.  This
article  constitutes  part  of  our  studies  on  the  structure, function  and  molecular  evolution  of
tandem  repeats  in  proteins.
Key words : Ice, Antifreeze  protein, Ice  nucleation  protein, Tandem  repeats, Molecular  
dynamics  simulation.
